This study tested the hypothesis that central administration of corticotrophin-releasing hormone (CRH) and/or arginine vasopressin (AVP) will affect the secretion of LH in rams and that testosterone is necessary for these actions to occur. Plasma LH levels were measured in castrated rams during 1 h infusion of either 100 µl vehicle/mock cerebrospinal fluid (CSF) or mock CSF containing 25 µg CRH, 25 µg AVP or 25 µg of each peptide through guide cannulae into the third cerebral ventricle. These intracerebroventricular (i.c.v.) infusions were given to the castrated rams following injections (i.m.) each 12 h of oil or 8 mg testosterone propionate for 7 days. Blood samples were collected every 10 min for 4 h before i.c.v. infusion, during infusion and for 4 h following the infusion. Infusion of vehicle did not affect any endocrine parameters. In contrast, the plasma concentrations of LH and the amplitude of LH pulses were increased significantly during and following infusion of CRH, and this effect was not influenced by whether the castrated rams were treated with testosterone propionate or whether the CRH was administered in combination with AVP. Infusion of AVP alone did not affect LH secretion. The frequency of LH pulses and the plasma concentrations of FSH did not change with any of the i.c.v. treatments. The plasma concentrations of cortisol were significantly increased by CRH and AVP infusions. The plasma concentrations of cortisol achieved during and following i.c.v. infusion of CRH and AVP combined were greater than the concentrations achieved as a result of treatment with AVP alone but were similar to those with CRH. There was no effect of testosterone propionate on cortisol levels. These results show that CRH, but not AVP, is capable of acting either centrally or at the pituitary level to increase the secretion of LH in rams and these actions are not affected by testosterone. The stimulatory effects of CRH on LH secretion are to increase the amplitude of GnRH pulses and/or the responsiveness of the pituitary to the actions of GnRH with no effect on the frequency of GnRH pulses. The secretion of FSH in rams is not influenced by either CRH or AVP. The effect of CRH to increase LH pulse amplitude occurs in the face of increased cortisol levels, further reinforcing our belief that this adrenal steroid does not affect the reproductive axis in this species.
Introduction
Activation of the hypothalamo-pituitary-adrenal axis during stressful situations is commonly associated with reduced reproductive function (for reviews see Moberg 1987 , Rivier & Rivest 1991 , Clarke et al. 1992 , Ferin 1993 , Dobson & Smith 1995 , Rivest & Rivier 1995 . Since the neuropeptide corticotrophin-releasing hormone (CRH) is released into the hypophysial portal system when the hypothalamo-pituitary-adrenal axis is activated (Rivier & Plotsky 1986 ), many studies have been conducted to determine if CRH mediates the inhibitory effects of stress on reproduction. While CRH is able to act at the level of the hypothalamus to indirectly influence the secretion of luteinizing hormone (LH) from the pituitary gland there are differences between species in whether or not these actions are inhibitory or stimulatory. In rats it is generally accepted that CRH can act centrally to inhibit luteinizing hormone (LH) secretion in both males and females (for reviews see Rivier & Vale 1985 , Rivier & Rivest 1991 , Rivest & Rivier 1995 but in other species variable effects have been reported and it is not clear if these hypothalamic actions of CRH occur similarly in males and females. Although peripheral administration of CRH to female (Gindoff & Ferin 1987 , Olster & Ferin 1987 , Xiao et al. 1989 , Williams et al. 1990 , Norman 1994 , Reid 1994 and male (Norman 1993 ) monkeys, and to women (Barbarino et al. 1989a,b) inhibited LH secretion it is not possible to determine if this was due to a direct central action of CRH since this treatment would have activated the entire hypothalamo-pituitary-adrenal axis. In sheep, most studies have been conducted in females. The intracerebroventricular (i.c.v.) administration of CRH to ovariectomized ewes had either no effect or increased , Caraty et al. 1997 ) the secretion of LH and it was suggested by Caraty et al. (1997) that sex steroids are obligatory for this response.
The central actions of CRH to affect LH secretion in male sheep have received little attention and the role of sex steroids has not been explored. In castrated rams treated with testosterone, i.c.v. injection of CRH increased the secretion of LH (Caraty et al. 1997) but the importance of sex steroids for this response in the ram is unknown because the rams were not treated with CRH in the absence of testosterone. It is possible that there are sex differences in the central actions of CRH on gonadotrophin releasing hormone (GnRH) secretion because there are sex differences in the response of the hypothalamo-pituitary-adrenal axis to a variety of stressors and it has been proposed that these differences are due principally to the influence of the sex steroids (Handa et al. 1994 , Da Silva 1995 , Young 1995 , Patchev & Almeida 1998 . Indeed, sex differences in the effect of i.c.v. treatment with CRH on energy balance occurred in rats (Rivest et al. 1989 ) and recently we found that sex steroids influence the mechanisms by which stress suppresses LH secretion in male and female sheep (Tilbrook et al. 1999) .
Activation of the hypothalamo-pituitary-adrenal axis in rams leads to the release of arginine vasopressin (AVP), in addition to CRH, into the hypophysial portal circulation (Caraty et al. 1988 (Caraty et al. , 1990 and AVP clearly participates with CRH in the regulation of the secretion of adrenocorticotrophin (ACTH) (for reviews see Makara 1992 , Antoni 1993 , Clarke 1996 . Despite this, there have been few investigations to establish if AVP plays a role, either directly or through interactions with CRH, in the mechanisms linking activation of the hypothalamo-pituitaryadrenal axis with decreased gonadotrophin secretion. The i.c.v. administration of AVP resulted in inhibition of the pro-oestrous LH surge in cyclic rats (dePaolo et al. 1986 ) although other studies found that i.c.v. injection of antiserum against AVP did not affect plasma concentrations of LH and follicle-stimulating hormone (FSH) in ovariectomized rats (Franci et al. 1993) or the LH and FSH surges in pro-oestrous rats (Roozendaal et al. 1996) . Nevertheless, pre-treatment with AVP antiserum prolonged the inhibitory effect of CRH on the LH surge (Roozendaal et al. 1996) suggesting that the two neuropeptides may interact in their effects on the synthesis of GnRH. Anatomical synapses between AVP neurones and GnRH neurones were demonstrated in cynomolgus monkeys (Thind et al. 1991) and actions of AVP within the brain to inhibit the secretion of LH have been reported in ovariectomized monkeys (Shalts et al. 1992 , Heisler et al. 1994 . In ovariectomized ewes, injection of CRH and AVP into the lateral ventricles did not affect the secretion of LH ) but similar studies have not been conducted in rams. We tested the hypothesis that central administration of CRH and AVP will influence the secretion of LH in rams and that testosterone is necessary for these effects to occur.
Materials and Methods

Animals
Adult Romney Marsh rams were studied in this experiment at the Victorian Institute of Animal Science, Werribee, Australia (38 latitude) during the breeding season for this breed (Bremner et al. 1984) . All rams were castrated under sterile surgical conditions. Three weeks later, an 18 gauge guide tube fitted with an inner 23 gauge stillete was inserted into the third cerebral ventricle of each ram under sterile surgical conditions using the technique described by Barker-Gibb et al. (1995) . Briefly, the head of each ram was placed in a Kopf stereotaxic frame, the skin was excized and holes were drilled through the skull to the dura mata. The guide tube was positioned vertically above the burr hole and 3 ml radio-opaque dye (Iopomiro, Schering, Temp, NSW, Australia) was injected into the lateral ventricle and a lateral X-ray was taken. The guide tube was passed into the infundibular recess of the third ventricle through a midline puncture in the saggital sinus and the correct placement of the guide tube was verified by injection of dye and visualization by X-ray. Efflux of cerebrospinal fluid (CSF) was also observed following removal of the stillette from the guide tube.
For the duration of the experiment the rams were housed individually in pens in an animal house. During the pre-experimental period the animals were continually tamed and allowed to adapt to their environment to minimize the impact of the stress of handling associated with the i.c.v. infusions and collection of blood samples. A maintenance ration and water was offered ad libitum during this time. On the day prior to treatment and sampling, each animal was fitted with an indwelling jugular catheter (Dwellcath, Tuta Laboratories, Lane Cove, NSW, Australia) for the collection of blood samples.
The care and use of the animals in this experiment conformed with the requirements of the Australian Prevention of Cruelty to Animals Act 1986 and the NH&MRC/CSIRO/AAC 'Code of Practice for the Care and Use of Animals for Scientific Purposes'.
Experimental procedure
Castrated rams were divided into groups of 4 and received i.c.v. infusions of vehicle, CRH (Auspep, Parkville, Victoria, Australia), AVP (Auspep) or CRH and AVP combined over 1 h following 7 days of i.m. injections/12 h of oil or 8 mg testosterone propionate (Sigma Chemical Company, St Louis, MO, USA). This dose of testosterone propionate is half that which has been shown to result in physiological concentrations of testosterone and parameters of LH secretion in castrated rams (Tilbrook et al. 1991 ). An automatically programmed infusion pump (Graseby Medical Ltd, Bundall, Queensland, Australia) strapped to the back of each animal was used to deliver 100 µl mock CSF containing 25 µg peptide into the third ventricle over 1 h. For the combined infusion of CRF and AVP this volume contained 25 µg of each peptide. The vehicle was mock CSF. Blood samples (5 ml) were collected every 10 min for 9 h. The infusion of vehicle or the peptides was commenced after 4 h of sampling. Plasma was collected and assayed for LH, FSH, cortisol and testosterone.
Radioimmunoassays
The plasma concentrations of LH were measured in a radioimmunoassay as described by Lee et al. (1976) using NIH LH S18 as the standard. The mean ( ...) sensitivity of the LH assays conducted in our laboratory was 0·25 0·08 ng/ml. The intra-assay coefficients of variation were 3·9% at 2·3 ng/ml and 7·3% at 3·6 ng/ml and the interassay coefficients of variation at these concentrations were 10·4% and 12·8% respectively. Plasma FSH was measured by radioimmunoassay as described by Bremner et al. (1980) using NIADDKoFSH-RP1 as standard. For 5 assays the mean ( ...) assay sensitivity was 1·24 0·24 ng/ml. The intra-assay coefficients of variation were 5·1% at 5·4 ng/ml and 4·4% at 15·3 ng/ml and the interassay coefficients of variation were 12·7% and 6·0% at these concentrations.
To assess the plasma concentrations of testosterone achieved following treatment with testosterone propionate, 2 samples from each ram were assayed for testosterone using the method of Young et al. (1989) after ethyl acetate-hexane extraction. All samples were measured in one assay. The sensitivity of the assay was 0·5 ng/ml and the intra-assay coefficient of variation was 5%.
The plasma concentrations of cortisol were measured after extraction with dichloromethane using the method described by Bocking et al. (1986) . The mean ( ...) assay sensitivity was 1·2 0·3 ng/ml. The intra-assay coefficients of variation were 8·2% at 29 ng/ml and 14·0% at 68 ng/ml and the interassay coefficients of variation at these concentrations were 13·4% and 13·5% respectively.
Statistical analyses
Parameters of LH, FSH and cortisol secretion were compared between the period prior to i.c.v. infusion (1 h) and the period of infusion and following infusion (4 h) using multi-factorial repeated measures analysis of variance. For these analyses, the between-subject factors were steroid treatment (oil vs testosterone propionate), CRH treatment and AVP treatment and the within subject factors, or repeat variables, were before and during or following i.c.v. infusion of vehicle or peptides. Homogeneity of variance was checked on all occasions and transformation of data was not necessary at any stage. Between-subject standard errors are shown in Tables 1 and 2 and on Figs 1 and 2 and the within-subject standard errors are stated in the caption of each table and the legend of each figure. We have presented the within-subject standard errors because these are relevant to the repeated measures analysis of variance.
The parameters of LH secretion that were analyzed were the mean plasma concentrations of LH, the frequency of LH pulses and the amplitude of LH pulses. The frequency of LH pulses was expressed as the number of LH pulses per hour and the amplitude of LH pulses was calculated as the difference between the peak and the preceding nadir. Pulses of LH were defined according to Karsch et al. (1987) as abrupt increases that were greater than the assay sensitivity, that exceeded the previous value by at least 3 times the standard deviation of the previous value, and that were followed by a progressive decline at a rate consistent with the reported half-life of LH of 29 min (Geschwind & Dewey 1968) . For FSH and cortisol, the mean plasma concentrations were compared.
In the case of the parameters of LH secretion and the plasma concentrations of FSH, there were no significant interactions between subjects, therefore paired comparisons were not conducted. For the plasma concentrations of cortisol paired comparisons were made using least significant differences.
Results
Plasma testosterone
In the castrated rams treated with oil for 7 days the plasma concentrations of testosterone were undetectable whereas in those treated with testosterone propionate the mean ( ...) plasma concentrations of testosterone were 2·6 0·1 ng/ml.
Plasma LH
Mean concentrations The analysis of the plasma concentrations of LH showed that there were significant effects of testosterone propionate (P<0·01) and CRH (P<0·05) but there were no effects of vehicle or AVP alone, and there were no significant interactions between factors. The mean ( ...) plasma concentrations of LH were significantly (P<0·01) lower in the castrated rams treated with testosterone propionate (3·0 0·4 ng/ml) than in the castrated rams treated with oil (5·3 0·5 ng/ ml). The plasma concentrations of LH during and Table 1 Mean ( S.E.M.) plasma concentrations (ng/ml) of LH, number of LH pulses per hour, amplitude of LH pulses (ng/ml) and plasma concentrations of FSH (ng/ml) in castrated rams that had vehicle, CRH, AVP or CRH and AVP infused for 1 h into the third ventricle following treatment for 7 days with i. Overall, there was a significant increase in the plasma concentrations of LH (P<0·05) and the amplitude of LH pulses (P<0·01) during and following i.c.v. infusion of CRH. There were no significant interactions between factors indicating that the effects of CRH were not influenced by whether the castrated rams were treated with testosterone propionate or whether CRH was administered alone or in combination with AVP. There was no effect of CRH on the number of LH pulses per hour or plasma concentrations of FSH and there was no effect of AVP on any of the parameters of LH secretion or on the plasma concentrations of FSH. The standard errors shown in the Table are between-subject standard errors. The within-subject standard errors were 0·2 for LH concentrations and 0·1 for LH pulse amplitude.
following i.c.v. infusion of CRH were significantly (P<0·05) greater than the concentrations prior to infusion (Table 1 ; Fig. 1 ) and this effect was not influenced by whether or not the castrated rams were treated with oil or testosterone propionate or whether the CRH was administered alone or in combination with AVP (Fig. 1) . There was no significant change in the plasma concentrations of LH in castrated rams infused i.c.v. with vehicle or AVP (Table 1) .
Pulse frequency The mean ( ...) number of LH pulses per hour was significantly less (P<0·05) in castrated rams treated with testosterone propionate (0·9 0·1) than in castrated rams treated with oil (1·3 0·1). Nevertheless, there was no significant change in the mean ( ...) number of LH pulses per hour due to i.c.v. infusion of vehicle, CRH, AVP or CRH and AVP combined ( Fig. 1 ) and there were no significant interactions between factors (Table 1) .
Pulse amplitude As with the plasma concentrations of LH, there were no significant interactions between factors for the amplitude of LH pulses. There was no effect of treatment with steroid indicating that the amplitude of LH pulses did not vary between castrated rams treated with oil and those treated with testosterone propionate. There was also no significant effect of i.c.v. infusion with vehicle or AVP alone on the amplitude of LH pulses (Table 1) . In contrast, the mean amplitude of LH pulses in castrated rams during and following i.c.v. infusion of CRH was significantly (P<0·05) greater than before infusion and this effect was not influenced by whether the castrated rams had been treated with testosterone propionate or whether CRH was administered in combination with AVP ( Fig. 1) .
Plasma concentrations of FSH
The mean ( ...) plasma concentrations of FSH were significantly (P<0·05) lower in the castrated rams treated with testosterone propionate (11·0 2·5 ng/ml) than in those treated with oil (13·1 0·2 ng/ml). This represented an overall reduction in plasma concentrations of FSH of 15·7% due to treatment with testosterone propionate. There were no other significant effects and there were no significant interactions between factors (Table 1) .
Plasma concentrations of cortisol
The plasma concentrations of cortisol did not differ between groups prior to treatment and did not change with i.c.v. infusion of vehicle (Table 2 ; Fig. 2 ). In contrast, the plasma concentrations of cortisol were significantly greater (P<0·01), during and following i.c.v. infusion of castrated rams with CRH, AVP and the combination of CRH and AVP than before infusion of these peptides The within-subject standard errors were 0·2 for the plasma concentrations of LH, 0·1 for the number of LH pulses per hour and 0·1 for the amplitude of LH pulses.
( Table 2 ; Fig. 2 ). The plasma concentrations of cortisol during and following i.c.v infusion of CRH and AVP in combination were significantly (P<0·05) greater than the concentrations of cortisol achieved during and following i.c.v. infusion of AVP alone but were not significantly different from the concentrations achieved during and following infusion of CRH alone (Table 2 ; Fig. 2 ). There was no significant effect of treatment with testosterone propionate on the mean plasma concentrations of cortisol achieved during and following i.c.v. infusion of the CRH and AVP treatments.
Discussion
The results of this study show that CRH is capable of acting alone within the brain to increase the secretion of LH in rams and that this action is not influenced by testosterone. AVP, on the other hand, did not have direct central actions to influence the secretion of LH. The secretion of FSH was not affected by any of the i.c.v. treatments. Our findings on the ability of CRH to increase LH secretion in rams are similar to other findings in testosterone-treated castrated rams (Caraty et al. 1997 ) and in ovariectomized ewes , Caraty et al. 1997 . Furthermore, we have extended the findings of Caraty et al. (1997) by demonstrating that testosterone is not obligatory to achieve this effect in rams. These results may highlight a sex difference in the importance of sex steroids on the actions of CRH on LH secretion in sheep because Caraty et al. (1997) found in ovariectomized ewes treated with combinations of oestradiol and progesterone that these sex steroids were necessary to achieve an increase in the secretion of LH following i.c.v. administration of CRH. In a different study, however, an increase in the secretion of LH occurred following i.c.v. treatment with CRH in ovariectomized ewes that were not treated with sex steroids ).
To the best of our knowledge, the current experiment is the first investigation of the effects of central administration of AVP, and of CRH and AVP in combination, on the reproductive axis in rams. Investigation of the actions of both neuropeptides is physiologically meaningful because both are released into the hypophysial portal system when the hypothalamo-pituitary-adrenal axis is activated (Caraty et al. 1988 (Caraty et al. , 1990 . Our results suggest that, in contrast to CRH, AVP does not act centrally to influence the secretion of LH in rams. The lack of effect of i.c.v. infusion of AVP on the secretion of LH in castrated rams contrasts with studies in female rats (dePaolo et al. 1986 ) and ovariectomized monkeys (Shalts et al. 1992 , Heisler et al. 1994 where it was found that AVP had central actions to inhibit the secretion of LH. This experiment is the first investigation of the central administration of AVP on LH secretion in rams and the differences between our findings and those of other workers in female rats and monkeys probably represent sex and/or species differences. In ovariectomized ewes, combined i.c.v. treatment with CRH and AVP did not significantly affect the secretion of LH . Our results showed an increase in the secretion of LH in castrated rams with the combined central administration of CRH and AVP due to the actions of CRH. The differences between studies may represent a sex difference and research is necessary to establish if there is a sex difference in sheep in the actions of CRH and AVP in the hypothalamus to influence the reproductive axis in sheep. Furthermore, the physiological importance of the ability of CRH, but not AVP, to increase the secretion of LH in rams is unknown but our data suggest that the inhibition of reproduction associated with activation of the hypothalamo-pituitary-adrenal axis is not mediated by these neuropeptides in sheep.
The increase in plasma concentrations of LH in castrated rams infused i.c.v. with CRH was associated with increases in LH pulse amplitude but not pulse frequency. This suggests that there was no effect on the frequency of GnRH pulses because there is a high degree of concordance between pulses of GnRH and pulses of LH in rams (Caraty & Locatelli 1988 , Jackson et al. 1991 , Tilbrook et al. 1991 . The mechanism by which the secretion of LH was increased by i.c.v. infusion of CRH could involve actions within the hypothalamus to increase the amplitude of GnRH pulses, and/or the pituitary gland to increase the responsiveness of the pituitary to the actions of GnRH. Caraty et al. (1997) found that the increase in plasma concentrations of LH following an injection of CRH into the third ventricle of rams was associated with Table 2 Mean ( S.E.M.) plasma concentrations of cortisol (ng/ml) in castrated rams that had vehicle, CRH, AVP or CRH and AVP infused for 1 h into the third ventricle following treatment for 7 days with i.m. injections of oil/12 h (Oil) or 8 mg testosterone propionate/12 h (T). For each parameter, the means are shown for the 4 h of sampling before infusion (Pre-infusion) and the hour of infusion and 4 h of sampling after infusion (Infusion+ post-infusion). The between-subject standard errors are displayed. The within-subject standard error was 1·7 Cortisol concentrations (ng/ml)
Within rows, significant differences between Pre-infusion and Infusion+ post-infusion are indicated by asterisks (**P<0·01). There were no significant differences between means during the pre-infusion period.
a marginal increase (P=0·067) in the frequency of LH pulses but they did not indicate whether or not the amplitude of LH pulses was affected by treatment. Whereas we infused our treatments over an hour Caraty et al. (1997) administered CRH as a single i.c.v. injection and this difference in experimental protocol may explain the differences between studies on the effects on the frequency of LH pulses. Also, different breeds of rams were used in each study. In ovariectomized ewes, i.c.v. injections of CRH resulted in an increase in the frequency of LH pulses , Caraty et al. 1997 and, again, these findings may be different from ours because of differences in the duration of treatment or because different breeds were used. On the other hand, there may be a sex difference in the mechanism of action of CRH on the secretion of LH. Nevertheless, further research is necessary, using experimental approaches that can delineate between hypothalamic and pituitary actions, to establish the sites and modes of action of CRH on LH secretion in rams. In contrast to LH, the secretion of FSH in rams was not influenced by the central administration of CRH and/or AVP. The i.c.v. administration of CRH has also been found to have no effect on the secretion of FSH in rats (Vale et al. 1981 , Ono et al. 1984 , Rivier & Vale 1984 . Different effects of CRH and AVP on the secretion of LH and FSH might be expected because the two gonadotrophins are regulated differently by GnRH and testicular hormones (see Tilbrook & Clarke 1995) . In sheep the temporal changes in the plasma concentrations of FSH are not closely linked to the patterns of GnRH secretion in the hypophysial portal blood (Li et al. 1989) . Certainly in rams FSH, unlike LH, shows a non-pulsatile pattern of secretion (Fraser & Lincoln 1980) . Furthermore, while the synthesis of FSH requires GnRH, its secretion can continue in the absence of GnRH (Lincoln & Fraser 1979 , Lincoln et al. 1986 , Lincoln & Fraser 1987 , Tilbrook et al. 1993 .
The central administration of CRH and AVP increased the plasma concentrations of cortisol suggesting that sufficient amounts of these hormones moved from the CSF to the hypophysial portal system and anterior pituitary gland, or that they stimulated the secretion of endogenous CRH and AVP to cause release of ACTH which, in turn, would have stimulated secretion of cortisol from the adrenal glands. Increased plasma concentrations of cortisol have also been observed in ovariectomized ewes following central administration of CRH , Caraty et al. 1997 and Caraty et al. (1997) suggested that the CRH was sequestered from the CSF by the tanycytes of the basement membrane of the third ventricle. Interestingly, there was no difference between CRH and AVP in their ability to increase the secretion of cortisol and CRH and AVP combined were more effective than AVP alone in increasing cortisol but were not different from CRH alone. Moreover, none of these effects was influenced by treatment with testosterone. There have been a number of studies to suggest that AVP is a major ACTH secretagogue in sheep. For example, AVP has been measured in greater concentrations than CRH in the hypophysial portal blood in rams (Caraty et al. 1988 (Caraty et al. , 1990 ) and ewes , Engler et al. 1989 , there are more AVP receptors than CRH receptors on sheep pituitary cells (Shen et al. 1990) , sheep pituitary cells were found to respond more effectively to AVP than CRH (Familari et al. 1989) and in vivo studies with sheep found AVP to be an effective ACTH secretagogue (Smith et al. 1989 , Pecins-Thompson & Keller-Wood 1994 . These studies have been challenged, however, by the demonstration in oophorectomized ewes that the i.v. administration of CRH alone but not AVP alone was able to release ACTH although AVP did augment the effects of CRH (McFarlane et al. 1995) . Our results suggest that both CRH and AVP are likely to participate in the regulation of ACTH secretion in rams but it is not possible from the current study to establish the relative importance of each. Furthermore, our findings highlight differences between rats and sheep in the importance of the sex steroids on the activation of the hypothalamo-pituitary-adrenal axis. In rats there is evidence that sex differences in the activation of the hypothalamo-pituitary-adrenal axis are due principally to the influence of the sex steroids (Handa et al. 1994 , Da Silva 1995 , Young 1995 , Patchev & Almeida 1998 ) whereas it appears that this is not the case in sheep. The increase in plasma concentrations of cortisol in response to i.c.v. treatment of the castrated rams with CRH and AVP was not affected by treatment with testosterone propionate and the cortisol response to i.c.v. administration of CRH to ovariectomized ewes was not affected by sex steroids (Caraty et al. 1997) . Moreover, we recently showed that the increase in secretion of cortisol due to an isolation/ restraint stress did not vary between gonadectomized rams and ewes treated with different combinations of sex steroids (Tilbrook et al. 1999) .
The increases in plasma concentrations of cortisol in castrated rams infused i.c.v. with the CRH and AVP treatments were not associated with a decrease in the secretion of LH suggesting that cortisol is not a mediator of the inhibitory effects of stress on LH secretion in rams. Indeed, there is now substantial evidence that cortisol does not play a major role in the stress-induced suppression of LH secretion in sheep. Although infusion of cortisol for 19 h into ovariectomized ewes reduced tonic LH secretion and the LH response to GnRH , increases in the plasma concentrations of cortisol in gonadectomized rams and ewes treated with various combinations of sex steroids did not cause decreases in the secretion of LH (Tilbrook et al. 1999) , treatment with dexamethasone did not decrease the secretion of LH or inhibit the LH response to GnRH in ovariectomized ewes (Phillips & Clarke 1990) , neither cortisol nor dexamethasone treatments affected the LH surge in ewes (Moberg et al. 1981 , Phillips & Clarke 1990 ) and cortisol did not affect the LH response to GnRH in adrenalectomized rams (Fuquay & Moberg 1983) . In rams and ewes, ACTH can have direct actions to inhibit the LH response to GnRH (Fuquay & Moberg 1983 , Matteri et al. 1984 , Dobson et al. 1988 , Tilbrook et al. 1999 ) but it is difficult to know if these actions are physiologically important given that the ACTH secretagogues, CRH and AVP, either stimulate, or have no effect, on the secretion of LH and that cortisol does not affect LH secretion. It seems likely that, in sheep, stress pathways other than the hypothalamo-pituitary-adrenal axis mediate the inhibitory effects of stress on the hypothalamo-pituitary-gonadal axis.
In summary, these data show that central administration of CRH, but not AVP, to rams increases the secretion of LH but not FSH. This stimulatory effect of CRH on LH secretion is not influenced by testosterone or whether CRH is administered alone or in combination with AVP. This effect of CRH results in an increase in the amplitude but not the frequency of LH pulses suggesting that the mechanisms involve increasing the amplitude of GnRH pulses in the hypophysial portal blood and/or increasing the responsiveness of the pituitary gland to the actions of GnRH. Both CRH and AVP were effective in increasing the secretion of cortisol and this effect was not influenced by testosterone. Further research is necessary to understand the mechanisms by which CRH increases the secretion of LH and to determine the physiological importance of this action. Finally, the results of the current study contribute to a body of scientific literature that questions the role of the hypothalamo-pituitary-adrenal axis as the mediator of stress-induced inhibition of the hypothalamo-pituitary-gonadal axis in sheep. 
